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IIpakTH4yeckoe 3ansitue Ne 5
INPUEM CUT'HAJIA B YCJIOBUSAX ITIOMEX

1 deab padoThl (3aHATHA)

N3yunts:
— OO6nacTh BO3MOXKHOCTH PabOTHI COTOBBIX CETEH B YCIOBHIX MTOMEX
— Texuuveckyro peann3aiuio pa3TuIHbIX YCTPOICTB
— OcBouTb 3HAUCHUSI TEPMUHOB U ONIPEICICHU;

— 3HaTh OCHOBHbLIC MCTO/bI 60pI>6I)I C 3aMHUpaHUAMHU U IIOMCXaMHU

2 O6opynoBanmne padboyero Mmecra:
— KOMIIBIOTEPHI, MTOJAKIIOUYCHHBIC B CETh HHTCPHET
— KOMMYTaTop

— Habop kabenei

3aualme Ha BbBIIIOJIHCHHUE HpaKTH‘IeCKOﬁ paﬁoTLI

— W3y4yuTh npUHIUIBI PYHKITMOHUPOBAHUS COTOBBIX CETEH B YCIOBUSIX MTOMEX
Y MHOTOJIY4E€BOTO PACIPOCTPAHCHHS,

— M3yuuTh TeXHHUECKUE TPEOOBAHUS K YCTPOMCTBAM, MPETHA3SHAUYCHHBIX JIJIS
OOpbOBI C TOMEXaMu

— IIpoBecTu cpaBHEHHE pa3IMYHBIX CTAHIAPTOB COTOBOM CBSI3U.

Conep:xanue u opopmiieHHe 0TYETA O MPAKTUYECKOM padoTe
— Oruet oopMIsieTcs B JIEKTPOHHOM BUJIE€ C UCTIOJIb30BAHUEM TEKCTOBBIX
PEIaKTOPOB Y MATEPUAIIOB U3 CETU UHTEPHET
— 3amnucaTh OCHOBHBIE ONPEICICHNS U XapaKTEPUCTUKHU.
— 3apucoBaTh CXEMbI
— IIpoBectu cpaBHEHUE PA3IUYHBIX CTAHAAPTOB COTOBOU CBSI3H.

— Cnenatb BBIBOJBI.



1. Peanin3anusi pa3HeceHHOT0 MpueMa

Meton pasHecenHoro mpuema (diversity reception) wucmonb3yercs s
BBIJICIICHUST MH(DOpPMAIMM M3 HECKOJIbKUX CHUTHAJOB, TIEpEAaBacMbIX IO
HE3aBUCHMO 3aMHpPAIOIIMM IyTsM, Ha3bIBaEMbIM BETBSAIMH pa3HeceHus. Mnaes
METO/Ia COCTOUT B TOM, YTO CHUT'HAJIbI, OTJIMYAIOIIUECS (Pa3HECCHHBIC) 10 KaKOMY-
1100 MapaMeTpy, MOABEPKECHBI 3aMUPAHUSIM, KOPPEISIUS MEXKITy KOTOPBIMUA TEM
MEHBIIIE, YeM CYIIeCTBEHHEE pazHeceHue. J[pyruMu cioBamu, HeOJIarompHsTHAS
(COmpoBOXKAAONIASACA TOJABICHUEM CYMMapHOTO CHUTHAja) MHOTOJy4eBas
uHTEp(EPEeHIIMOHHAST KapTHHA B OJTHOW M3 BETBEH pa3HECCHUS BOBCE HE O3HAYACT,
YTO YCJIOBHSI TpPUEMa B JPYTHX BETBAX CTOJIb XK€ IUIOXH. BeeacTBue 3TOro
KOMOMHHUPOBAHKUE TMAPAJUICIBHBIX CUTHAJIOB, MOCTYHAMOIIUX 10 Pa3HbIM BETBSIM
pa3HeceHus], MO3BOJIUT CMSTUYUTE BPEeIHBIN 3 (PEKT rTyOOKHX 3aMUpaHuil.

Kak BugHO, mpolieaypa pa3HEeCEeHHOr0 NpUeMa BKJIIOYAET B ce0s pelieHue
IBYX OTJCIBHBIX 33/1a4:

* OpraHu3alys BETBEH pa3HECEHHs U pa3/IeiiCHUE MPUHUMAEMBIX CUTHAJIOB,
Pa3HEeCEHHBIX 110 KAKOMY-JIN0O0 ITapaMeTpy;

* KOMOWHHPOBaHHE pAa3JICIICHHBIX CUTHAIOB C LENbI0 (OPMHUPOBAHHS
PE3YJIBTUPYIOMIETO CUTHAIA ¢ 00Jiee BHICOKUM KaueCTBOM (C MEHBIICH TriyOuHON
3aMHUpaHHi, ¢ OOJIBIICH MOIITHOCTHIO WIIH OOJIBIIIAM OTHOIIICHHEM CHTHAJ-IIIYM).

2.1. Knaccuueckue memoowl pazneceHus

MOXHO BBIICIUTh [JBa OOOOIIEHHBIX KJacca METOJIOB PA3HECCHUS:
Maxpopasnecenue W MUKpopasHeceHue. (MCHonb3yloTcss TakkKe TEePMHHBI
"Makpockonuueckoe" u "MUKpOCKonrueckoe" pa3HeceHue.)

[Tpu Makpopa3HeceHNH MapaieIbHbIC YTH ¢ HE3aBUCUMBIMU M IJICHHBIMH
3aMUpaHusIMH  GOPMHUPYIOTCS C TIOMOIIBIO JIBYX WM OoJiee  aHTEHH,
pacmnoiokeHHbIX Ha pa3nuyHbix bC.

Mukpopa3HeceHne TpeIHa3HAYeHO JUIsi KOMOWHHMPOBAHUS CUTHAJIOB,
MPUHUMAEMBbIX Ha OJTHOM U TOM ke cTaHIuu (6a30BOIl WM MOOMIIBHOMN), U CITY>KUT
JUTSL OCTIa0JIeHUs BIIUSIHUS OBICTPBIX 3aMUPaHUH.

IIprHIMIIMATIBEHO BO3MOKHBI HECKOJIBKO METOI0B Pa3HECEHMUS.

Pasnecenue no kxomnonenmam snekmpomacHumuo2o nois (electromagnetic
diversity). TIlpm BepTHKaIBbHOW TOJSPHU3ANUU  U3IYYaeMBIX  PaJUOBOJIH,
xapaktepHol 111t CMP, Hanps>KeHHOCTh JIEKTPUUYECKOTO TOJIs U OPTOTOHAIIBHBIC
(mapamnenbHass W NEpPHEHAUKYJsipHas  HampaBieHuto  JBwkeHus  MOC)
COCTABJISIFOIIME MArHUTHOTO IIOJISI MOTYT pPAacCMaTpPUBATBCS KaK HE3aBUCHMBIE.
CneunanbHble "IHEPreTHUYEeCKU-TUIOTHOCTHBIE" aHTEHHBI CIIOCOOHBI MPUHUMATh
9T KOMIIOHEHTBI HE3aBUCHUMO. [IpaKkTHYEeCKOTrO NMPUMEHEHUs B HACTOAILIECE BPEMs
HE HaXOIMT.

Tonspuzayuonnoe pasnecenue (polarization diversity). Ilpuem curuanos Ha
JIBE aHTEHHbl (HAampuUMep, IUThIpeBas M TeETJeBas) MO3BOJISIET pa3JIeIUTh
BEPTUKAJIIBHO U TFOPU30HTAIBHO IOJISPU30BAHHBIE CUTHAJIBI. MeETOI HE HaXOIUT
IPaKTUYECKOIO0 IPUMEHEHUS, IOCKOIBKY B nuanazoHe CBY 3amupaHusi CUTHaAIOB




C pa3JIMYHOMN MOJSIPU3aANUEH 0Ka3bIBAIOTCS CUIILHO KOPPEITHPOBAHHBIMHU.

Venosoe pasnecenue (angle diversity). Curnansl ¢ pa3HBIMH yIJlaMu
PUX0JIa MOTYT OBITH pa3/ielicHbl aHTEHHAMHU C YAaCTUYHO IMEPEKPBHIBAIOIIMMHUCS
auarpaMMaM# HalpaBJIEHHOCTH. [IpyW 3TOM KOppemsivs CHTHAJIOB Ha BBIXOJaxX
pa3HBIX aHTEHH TeM cllabee, 4YeM MCEHbBIIE TEPEKPhITUE OSTUX JHarpamM.
HeoOxomumMo TpyM 3TOM yUYWTHIBATh, YTO MOIIHOCTh CHUTHAJIOB, TMPHHUMAaEMBbIX
Pa3TUYHBIMHU aHTEHHAMU, OyIeT CYyIIECTBEHHO Pa3IMYHOM.

Yacmomnoe pasuecenue (frequency diversity). Koaddumment koppensaiuu
JIBYX CUTHAJIOB, PA3HECEHHBIX T10 YaCTOTE, OTMPENCISAETCS NX B3aUMHON YaCTOTHOU
pacctpoiikoi. Ilpu nocrarouHom pa3zHeceHUH (OOJbIIEM MOJOChl YaCTOTHOM
KOTEPEHTHOCTH) CUTHAJIBI Ha pa3HBIX YacTOTaX, a 3HAYUT, WM 3aMHUPAHUS ITHUX
CUTHAJIOB, OYIyT c1a00 KOPPEIUPOBAHHBIMH.

OnHOBPEMEHHOE W3JIYYCHHWE CHUTHAJIOB B JBYX W 00Jiee YaCTOTHBIX
auanaszoHax B coBpeMeHHbIXx CMP He ucnonbiyercs. [Ipumepom Hcnonb3oBaHus
pa3HECeHHsl MO YacTOTe SBJISIOTCS MeIJIeHHBIE (C 4dacTtoToil kaapoB 217 I'm)
ckauku mo yacrtote, peanuzoBanubie B CCMC crangapra GSM. [lpu usmenenuun
YacTOThI, MPEBHIIIAIONIEM TOJIOCY KOT€PEHTHOCTH, CUTHAJBI B COCEIHUX KaJpax
OKaXYTCS HEKOPPEIUPOBAHHBIMU, YTO YCTPaHSET TMAKETHbIE OIIMOKK TIpH
rIIyOOKUX 3aMUPAHUSIX.

Ilpocmpancmeennoe  pasunecenue  (Space  diversity). Moxer OBbITH
peanu30BaHO Ha TMOJBMIKHOM CTAHIIMK 3a CUET NMPHEMa CHUTHAJIOB B Pa3IUIHBIC
MOMEHTHI BpeMeHU. Koaddurment koppemsimuy TPUHAMAEMBIX CHUTHAJIOB
onpexaensiercs nepemenieanem MC.

Ha bC npocTtpaHCTBEHHOE pa3HECEHUE PEATU3YETCS PU MPUEME CUTHAIOB
IByMsi win Oosiee aHTeHHaMd. [Ipu 3ToM KOA(DOUIIMEHT KOppensiuu, KpoMme
BEJTMYMHBI Pa3HOCA aHTEHH, ONPEACIIICTCS M BBICOTON MX YCTAHOBKH.

Hpyrum cnocoOoM MPOCTPAHCTBEHHOTO PA3HECEHHS SIBISETCS U3ITyUYCHUE
curHaioB  omHot BC  dyepe3 pasueie anteHHsl  (antenna  diversity),
MPEAYCMOTPEHHOE CICIU(DUKAIMAMU CUCTEM TpeThero rnokoyieHus 3GPP.

Bpemennoe pasnecenue (time diversity) moxer OBbITh peagr30BaHO MPH
nepegade CurHajga Ha HECKOJBbKMX BPEMEHHBIX OTPE3Kax, MPUUYEeM Pa3zHOC MEKIY
COCEIHUMH OTpPE3KaMH JIOJDKEH ObITh HE MEHEE BPEMEHU KOT€pPEHTHOCTH KaHaja
CBSI3H.

Koouposanue ¢ ucnpasnenuem owubox MHOTIA TAK)KE TPAKTYETCS KaK OIUH
W3 BApUAHTOB BPEMEHHOT'O Pa3HECCHUSI B ITU(PPOBBIX CUCTEMAX MepeIavH.

Cnenyer OTMETHTB, YTO Il OOJBIIMHCTBA PACCMOTPEHHBIX METOJIOB
pa3HECCHHUS B TPHHIUIEC HE CYMISCTBYET OTPAaHUYCHHSI HA KOJMYECTBO BETBEU
pasHeCeHMS.

PaccMoTpuM  BO3MOXKHBIE METOJBI KOMOWHHMPOBAHWS CUTHAJIOB TIPH
pPa3HECEHHOM TIpHEME.

[Ipu  Makpopa3HECEHWH OCHOBHBIM _ (MPAKTHYECKU  €IMHCTBEHHBIM
UCIIOJIb3YEMbIM)  METOJIOM  KOMOWHUPOBAHHS _ SIBISCTCS  CeleKIMUBHOE
Komounuposarue (aBTOBLIOOD). [Ipu 3TOM MeTOME M3 ABYX WA O0Jee TPUHSITHIX
CUTHAJIOB _BBIOMpAeTcss HaumOoabIuil. Bo3MoXkHas CTPYKTYpa, pear3yrolas
JAHHBIN METON, mpuBeieHa Ha puc. 9.1.




AHTeHHA

TpueMHHK
ANHTEHHA
| L
Komnapatopl—w KommyTatop Hetextop [—-
TpHemnitk

Puc. 6.1, CTpyktypa apToBeiGopa npu MaKpopasHeceHnW

Ecnu momoOHBIN MPUEMHHK, COAEpKAIIMN YHUCIO MapaulebHBIX KaHaJOB,
pPaBHOE 4HCIy BETBEH pA3HECEHMs], INPEICTABIACTCSA CIMIIKOM 3aTpPaTHBIM B
anrapaTHOM OTHOILIEHUHM, BMECTO HEro MOYKHO UCIIO/Ib30BaTh IPUEMHHUK C
NEPEKIIIOUEHUEM WIN CKaHUposanuem, IoOKa3aHHbI Ha puc. 9.2. Pazymeercs, ero
alIapaTHOe YIPOILUECHUE COIPOBOXKAACTCSA OIPEACICHHBIMU JHEPreTUYECKUMU
HNOTEPSIMU IO OTHOUIEHHIO K MPENbIAYIIEMY, CBSI3aHHBIMH C HEOOXOIMMOCTbHIO
IIEPUOANYECKHU ITIOBTOPATH MPOLIECC CKAHUPOBAHMSL.
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Pue. 6.2. CTpykTypa apToBblifopa CO CKaHMPOBAHWEM

[IpumMepoM HKCIONB30BAaHUS aBTOBBIOOpA MPHU MAKpPOPA3HECEHHH SIBIISETCS
KOMOMHUPOBaHUE CHUTHAJOB, MpuHUMaeMbix Ha MC ot nByx unm Oonee BC,
Pa3HECEHHBIX B MPOCTPAHCTBE.

Meron peanuzoBan, Hanpumep, B CCMC cranaapra 1S-95. B cooTBeTcTBHH
C JaHHBIM CTaHAAPTOM CHUTHaJbl B MNPSIMOM KaHaje H3Iy4yarTcs KOT€PEHTHO
Heckonbkumu BC. Ha puc. 9.3 mokaszaHsl [Be TakWe CTaHIIMA W TPUMEPHBIC

3aBUCUMOCTH YPOBHEW CUTHAJIOB I‘l(k) ul, (k), npuauMaembix MC ot stux bC

B TEUCHHUE TMOCIEI0BATEIbHBIX OTPE3KOB BPEMEHU - KaJIpoB (IO ocu adcIuce
OTJIOXKEHBI HOMepa KaapoB). B npuemuuke MC 3Tu cUrHainbl pa3aesoTcs 3a CUET
MX Pa3JIMYHOM KOJAOBOM OKpacku. B TpaHckoaepe, BXOIAIIEM B COCTAB ITPUEMHHUKA
MC, B kaXI0M KaJipe U3 MPUHATHIX CUTHAJIIOB BHIOUPACTCS] HAMOOIBIIIHIA:

I, (k)=max{r (k),r,(k)}

4T0 oOecreunBaeT 0ojiee BHICOKOE KaueCTBO PE3YJIbTHPYIOUIETO CUTHANA 110
CPaBHEHHIO C KaXIbIM U3 MPHUHATHIX cUrHaIoB bC.
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Puc. 6.3. MakpopasHecenve B cTangapte 1S-95

[Ipu MHUKpOpa3HECEHUH, UCTIOJIb3YEeMOM MPU OBICTPBIX 3aMUPAHUSAX, OUYCHb
BKHO, 4YTOObI KOMOWHHpYEMBbIE IPU PpA3HECEHUH CHUTHAJBI HUMEIU pPaBHbIC
cpenHue MoiHOCTH. OCTaHOBMMCA Ha CIEAYIONUX BO3MOXHBIX METOJIax
KOMOuHUpoBaHus, XapaktepHbix st CCMC:

* CEJIEKTUBHOE KOMOMHHpPOBaHUE (aBTOBBIOOD);

* ONTUMAJILHOE KOTEPEHTHOE CJIOKEHHE, MaKCUMHU3HPYIOIIEe OTHOIICHUE
CUTHAJI-TITYM;

* PABHOBECHOE KOT€PEHTHOE CIIOKEHUE.

[IpuHIMNIMATBEHO METOJ CEJIEKTUBHOTO KOMOMHUPOBAHUS HaKOOJIee MPOCT U
aHAJIOTMYEH aBTOBBIOOPY TMpPU MAKPOCKOMMYECKOM pa3HeceHuu. OpHako
IpaKTUYECKas peanu3alus aBTOBbIOOpAa MPU MHUKPOCKONMUYECKOM PpPa3HECEHUU
HATaJIKUBAeTCsI Ha TPYAHOCTH, CBA3aHHbIE C HEOOXOAMMOCTBIO YCTAaHOBKHU
IUIaBarollero nopora. PeanpHas anbTepHaTHBA - KOMOUHUPOBAHUE C KOMMYymayueu
eéemeel pasznecenus. 1Ipn 5TOM MeTolne NEPEKIIOUYEHUE BETBEH IPOU3BOIUTCS B
TOT MOMEHT, KOIJa paHee BbIOpaHHBIM CHUTHAJ OKaXETCS HIKE 3apaHee
YCTaHOBJICHHOI'O [TOpOra.

KorepeHTHOE CllOXKEHUE, MAKCUMU3HMPYIOIIEE OTHOIICHHE CHTHAJ-IIYM,
3aKJII0YaeTCsi B BECOBOM CYMMHPOBAaHUU TPEABAPUTENBHO C(ha3upoBaHHBIX
CUTHAJIOB:

M
r=2Cr, {6.9)
J|=1

rie  Cj - Ko3h(dUUUEHTH YCHIEHHS COOTBETCTBYIOIIMX  BETBEH
pa3HeceHus.
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Puc. 6.4. CTpyKTYpa NPUEMHHYKE C ONTUManNbEHBIM BECOBLIM CIOXEHHEM

Bo3moskHas cTpykTypa, peannsyroias MeTo/I, MpuBeIeHa Ha puc. 9.4,

[TomoOHBINT  anropuT™M  mpUeMa  OCYHIECTBISIET  MHOTOKAHAIBHYIO
COTJIACOBAaHHYIO (MIIBTPAIUIO CUTHAJIOB, MPHUILIEAIINX IO MapauieIbHBIM BETBSIM
pa3HeCeHHs, U TMOTOMY MaKCUMH3UPYET PE3YJIbTHPYIONIee OTHOIICHUE CUTHAJ-
myM. [loCKONBbKY, OJHAKO, TEKYIee OTHOIICHUE CHUTHAJ-IIyM B BETBIX
pPa3HECEHUs] TMOCTOSHHO (IIOKTYUPYET B CHJIY 3aMHPAHUMA, €ro TMPUXOJUTCS
HEMPEPBIBHO  OTCICKHUBATh, YTO  CYIIECTBEHHO  YCJIOXKHSET  alnapaTHYIo
peanu3aIuio NPUEeMHHUKA.

[Ilarom B HampaBJICHWH YIIPOIICHUS TPHUEMHUKA SBJSETCS TEPeXo] K
KOTEPEHTHOMY PaBHOBECHOMY clIOkeHHIO (puc. 9.5), He TpeOyromeMy BBEICHUS
CIEIAIINX TeTeThb TSI U3MEPCHUS TEKYIIETO OTHOIIECHUS CHTHAI-IIYM B Ka)KIOH
BCTBH.
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Puc. 6.5. CToykTypa pasHOBECHOFO CROXEHWS

CyMMHpOBaHHE C paBHBIMH BeCaMU HECKOJbKO XYXE€ ONTHUMAJIbHOTO,
MAaKCUMM3UPYIOLIEr0 OTHOIIEHWE CHUTHAJI-IIYM, HO JIyYlle CEJIEKTUBHOIO
KOMOMHHMPOBaHUS. BBIMTPHIIT B OTHOIIEHUH CUTHAJI-IITYM MIPH ONTUMAaIbHOM KOre-
peHtHOM cymmupoBanuu coctaBut 10 ab. Ilepexon k paBHOBECHON CXeME CHU3UT
ero 10 9,1 ab, Torma kak aBTOBBIOOp OOECHEYHUT JMIIb BHIATPHIIN B 4,7 nab.
[TonuepkHeM erie pa3 BeCbMa OpUEHTHUPOBOUHBIN XapaKTep 3TUX LHUPP.

PasHeceHHblli IpUEM  MO3BOJSET  CYIIECTBEHHO  YJIY4YIIUTh  IIO-
MEXOYCTOWYHUBOCTh CUCTEM NOABHKHOU pPaguoCBs3U. JlOCTUraeMbli BBIMIPBILLI
MOXHO OLEHHUTH JOIYCTHUMBbIM CHHKEHHEM OTHOLIEHUS CHUTHAJ-IIYM B BETBSX
pa3HeCeHHs MPU COXPAHEHUU PE3yJbTUPYIOIIEH 4acTOThl OMTOBBIX OMIMOOK. Tak



IpH JONYCTUMOM YacToTe OMTOBBIX ommboxk 10 ° Hamumume IBYX BeTBeid
pazHeceHus: (C ONTUMAaJbHBIM CJIOKEHHEM) IO3BOJSIET CHU3UTH TPEOyeMylo
MOIIHOCTh curHana Ha 15 nb. Ilpu ymMeHbIIEHUM JOMYCTUMOM BEPOSITHOCTH
OIIMOKKA HAa OUT PHEPTreTUYECKUN BBIUTPHIII 32 CUET Pa3HECEHHUs CTAHOBUTCA €IlE
3aMETHEE.

2.2. Muozonyuesoe pasnecenue

Kak yxe oTMmedanoch BbIIE, MPU MHOTOJIYYEBOM PACIPOCTPAHEHUU
CUTHAJIBI, IPUXOAIINE PA3IMYHBIMU IyTSAMH, CI1a00 KOppenupoBaHHBI. BrusHue
3aMHUpaHuid OyeT CYIECTBEHHO CHUKEHO, €CIIN CKOMOMHUPOBATh TAKUE CUTHAJIBI.
OnHako ISt 3TOro HeOOXOIMMO Pa3IeIUTh CUTHAMBI, TPUXOAAIIUE IO PA3TUYHBIM
Jqy4am.

[logoOHast 3agada, HE BBINOJHMMAs B Y3KOIIOJOCHBIX CHUCTEMaxX, BEChbMa
U3SIIHO PEIIaeTcs MPU MCHOJIb30BAaHUHU IIHPOKOINOJOCHBIX CUTHAJIOB, UMEIOIINX
I10JIOCY MHOTOKPAaTHO ITPEBOCXOSAUIYIO MOJIOCY KOTEPEHTHOCTH KaHaJIA.

JUis Toro 4yToOBl CABUHYTBHIE IO BPEMEHH MHOTOJIyYEBbIE KOMIIOHEHTHI
CUTHaja HaOJIOJANIMCh pa3felibHO Ha BBIXOJE JUHEMHOro (puiabTpa MpUEMHHKA,
HE00X0MMO, YTOOBI OTKJIMK (PUIBTPA HA KAXKIYIO U3 HA3BAHHBIX KOMIIOHEHT ObLI
KPaTKOBPEMEHHBIM 110 CPAaBHEHHMIO C HMX B3aWMHBIM BpPEMEHHBIM CABUIOM. B
KayecTBE NPUEMHOro (uiIbTpa €CTECTBEHHO IMPHUHITh  COIIACOBaHHBIH,
HaWIydylmiuM oO0pa3oM OYMINAIOMIMK CUTHal OT mmymMa. OTKIMK TOCIEIHEro Ha
CUTHAJI, C KOTOPbIM OH COIJIacOBaH, €CTh, KaK M3BECTHO, ABTOKOPPEISIIMOHHAS
¢Gynkuus curHana. Takum oOpazom, A pa3AesieHus MHOTOIYYEBbIX KOMIIOHEHT
IPUTOAHBI CUTHANBI ¢ "ocTpoil" aBTOoKOppensuuoHHON (ynkumeit. g CCMC,
KaK W [ psiga JOpPYrUX CHCTEM, HEXeNaTellbHO NPUMEHEHUE KOPOTKHX
UMITYJIbCHBIX CUTHAJIOB, TIOCKOJIbKY '"BJIOKHUTH" TPeOyeMyI0 SHEPIrUi0 B KOPOTKHUI
UMITYJIbC MOYKHO TOJIBKO 3@ CUET IOBBIIIEHHONW NMUKOBOM MOIIHOCTH, YTO IUIOXO
COYeTaeTcs CO CTPEMJICHMEM HMETh MOpTaTUBHbIE U 3Heprocoeperaromue MC,
JIPYKECTBEHHbIE B 3KOJIOTMYECKOM OTHOLIEHHH. TeM camMblM CTaHOBUTCSA
OYEBUIHBIM, MOYEMYy JJIsi MHOTOJYYEBOTO pa3HECEHUs TPEOYIOTCS HMEHHO
HIMPOKOIOJOCHBIC (CI0XHBIC - Spread Spectrum) curHajibl: caM CHUTHAd HMEET
JOCTaTOYHO OOJBIIYIO JUIUTEIBHOCTh, HO COIVIACOBAHHBIM (PUIIBTP yKOpauMBaeT
(ckuMmaeT) ero. XpecTOMaTHMWHBIM SIBJIsIETCSl (PAKT, YTO COBMEIEHUE 3THUX
TpeOOBAaHMI BO3MOKHO TOJBKO JII CUTHAJIOB, MMEIOIIUX OOJNbIIOE 3HAYEHUE
MPOU3BEJEHUSI TOJOCHl Ha JJIMTENBHOCTh (T.e. KOA(M(UIMEHT paclIupeHus
CIIEKTpa).

O6patumcs k puc. 9.6. Curnaj, UCKaXKEHHBIM MHOTOJTYyYEBBIM KaHAJIOM (Ha
puc 9.6, a mokazaHbl TPU CUTHANIA, TIPHUILICIINE 10 Pa3TMIHBIM JIy9aMm), TT0TaeTCs
Ha COTJIaCOBaHHBIA (PUIIBTP, W, €CIU CHUTHAJI CHHTE3UPOBAH TPAMOTHO, Ha BBIXOJIE
bunbTpa HAONIOMAIOTCS  pa3pelieHHbIE KOMIIOHEHTHI B BHUIE  OCTPBIX
HelepekpeIBaromuxcs nukoB (puc. 9.6, 6). IlocnmenHsas bsmropa HamoOMHHAET
camoBble Trpabmu (Mo-aHMIMHACKK rake), 4To H ONpeaeiuiao HauMEHOBAHHE
YCTPOMCTBA, OCYILECTBIISIIOIIETO MroroiyyeBoe pasHeceHue, -  RAKE-
MPUEMHHUK".



RG] s(e-11) s(=1)  s(t-t3)

N

Seux(f) a
¥ 3

1
1
[l
[}
1
+
.
[l
]
]
]
i
1
i
v
.
'
1
1
1
1
I

11
[l
]
]
1
Il
i
i
[
L
1
1
[l
]
[
[
i
i
]

13—

T2-Ty

_—

1
1
1
I
L
1
1
T
]
]
1
[
Il
i
L
1

7

Puc. 6.6. PazneneHune cUrHanos Npy MHOTONy4eBOM PasHeceHvn

RAKE-npuemuuk 0wt pazpaboran Ilpaiicom u I'punom eme B 1958 1.,
OJIHAKO BHEJPEHHUE IMOJO0HON TEXHOJIOTMM B KOMMEpPYECKHMX MacliTadax CcTajio
BO3MOXKHBIM CpPaBHUTEJIBHO HeAaBHO. [lpu »9TOM, Kak mpaBWiIO, BMECTO
COTJIaCOBaHHBIX (DUIILTPOB HCIOJIB3YIOTCS SKBUBAJICHTHBIE UM, HO TEXHUYECKHU
Oonee TPOCThIE MapauIeNIbHbIE KOPPENSATOPhl C YHCJIOM KaHAaJIOB, PaBHBIM
KOJIMYECTBY PaA3JIEIIIEMBIX JTy4EH.

Ha puc. 9.7 npuBenena crpykrypa M-kananpHoro RAKE-npuemHuka.
[Mpunumaemoe konebanue r(t) mocrymaer Ha M mapayienbHBIX KOPPEJISTOPOB, Ha
BTOpBIC BXOJIbI KOTOPBIX MOAAOTCS MecTHble omophl S(t-rp), S(t-rz), ...,S(t-rw),
MPEACTABIIAIONINE COOOM KOMMH NEePEeJaHHOTO CUTHAJIa C BPEMEHHBIMU CABUTAMH [
iI= 1,2, ...,M, paBHBIMH TIpeJICKa3aHHBIM 3aJeP’KKaM MHOTOJYYEBBIX KOMIIOHCHT.
Ha Bpixome kaxaoro koppemnsitopa ¢GOpMHUpPYETCs OTCUeT OTKJIMKa Ha
COOTBETCTBYIOILYI0 KOMIIOHEHTY BXOJHOTOo curHaia (mpu 0e301u004HOM
NpEACKA3aHUM 3aJ€PKKU TOYHO COBIAJAIONIMN C pPEakIUedl COrIacOBaHHOTO
bunbTpa B HYXHBIM MOMEHT). Jlamee mMoOJydyeHHbIE OTCUYETHI MOCTYMAIOT Ha
YCTPONCTBO KOMOWHUPOBAHUS, JEHCTBYIONEE B COOTBETCTBUM C OJHOW M3 paHee
PacCMOTPEHHBIX MPOLIEAYD.

KomOunupoBanue curnaigoB Ha ocHoBe RAKE-npueMHuka peann3zoBaHo B
CCMC cranpapra 1S-95. Ilpuemnsie ycrpoiictea MC u BC BkIH0YalOT HECKOJIBKO
(3 va MC u 4 na bC) mapamnenbHo pabOTaOIMIUX KOPPEISITOPOB, KOTOpHIE
BBIJICJISIIOT HamOoJiee CUJIbHBIE CHUTHabl. BBIXOABI KOPPENATOPOB CBOIATCS K
OJIHOMY U TOMY >X€ MOMEHTY BPEMEHU U CyMMHUPYIOTCS. Tem cambiM 3P deKT

MHOTOJIYYCBOTO PpaCHpOCTPAaHCHUA HUCIIOJIL3YCTCA [JId TIIOBBIIICHUA KadcCTBa
CBi3HU.
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Puc. 6.7 Crpyrtypa RAKE-npueMHnka

Kak MoxHO mnoHATh, 3¢dextuBHOCT RAKE-npueMHHKa HaxoIuTcid B
MPSIMOM 3aBUCUMOCTH OT TOYHOCTH 3HAHMS XapAKTEPUCTUK KaHAJIa.

B mnactosimee Bpemsi pa3pabOTaHbl W TNPUMEHSIOTCS MHOTOYHCIICHHBIC
moaudukanmn  RAKE-anroputmoB. Haumboniee  COBpEeMEHHBIMH  SIBISIOTCA
anantuBHbie RAKE-mpueMHuKH, B  KOTOpBIX  XapaKTEpUCTUKH  KaHaja
PEKYPPEHTHO OIICHUBAIOTCA B MPOIIECCE paOOTHI.

[ToguepkHem eme pa3 HEOOXOAUMOCTH TINATEIBHOTO BBHIOOpA 3aKOHA
MOJYJIALIMU CUTHAJla JJIsi CHCTEM, B KOTOPBIX MPEANOJIAraeTcs HUCIOJIb30BaHUE
anroputMa RAKE. Ilpu »ToM crieayer uMeTh B BHAY, YTO TpeboBaHUE
IIUPOKOTOJIOCHOCTH (0O0JIBIIIOT0 OTHOUICHHUS IUPUHBI CTIEKTPA CUTHAJIA K MOJIOCE
KOTE€PEHTHOCTH) SIBJISIETCS HEOOXOIUMbBIM, HO HE OCTAaTOYHBIM. Cpe/i MHOYKECTBA
IIUPOKOMOJIOCHBIX CUTHAJIOB MOAXOMAIIUMHU _JUIsl 0OCYK/IaeMbIX MPUMEHEHUN
SBJISIIOTCSL JIMIIb T€, KOTOPbIE 00Jaat0T "XOpOoMMH" aBTOKOPPEISIIMOHHBIMU
cBorictBamu. IlocnenHee TpeOOBaHME MMOAPA3YMEBAET OCTPbIA MUK U MaJIbIi
YPOBEHb OOKOBBIX IMHMKOB PEAKIIMU HA CUTHAJ COTJIacoBaHHOTO (uibrpa. CuHTe3
CUTHAJIOB TaKoro poja SBJISIETCS BE€CbMa HETPUBHAIBHON 3aJaydeil, MOCTOSIHHO
MIPUBJICKAIOIICH K ce0e BHUMaHUE UCCIIeI0OBATEIICH.

Brimie, mpuMEHUTENHHO K PAa3IMYHBIM acreKkTaM (DYHKIITMOHHPOBAHMS
CUCTEM MOOWIBHOW CBSI3M, YK€ OTMEYAINCh CYIIECTBEHHBIC MPEUMYIIECTBA
IIMPOKONOJIOCHOM Mepeladyd B COYETAaHHHM C KOJOBBIM DPa3/eICHUEM CUTHAJIOB
aboHeHTOB. OJIHMM U3 MHOTMX apryMEHTOB B TIOJIb3y HIMPOKOMOJIOCHOM
UJICOJIOTUN SIBJISIETCS M COMYTCTBYIOIIAsE TOJIBKO € BO3MOXHOCTH peaau3aliuu
MHOT'0JIy4€BOT'O Pa3HECEHUS.




3. llonaBJieHHe MeKCMMBOJIbLHON HHTep(depeHun

B y3komosocHbIX (T.e. HE WCHOJB3YIOMIMX CIIOKHBIE CHUTHAIBI) CHCTEMax
MHOTOJIy4eBbIE KOMITOHEHTHI, UMCIOIINE Pa3IUIHYI0 BPEMEHHYIO 3aJI€PKKY, HE
MOTYT OBITH pa3felieHbl (10 KpaiiHel Mepe, 0€3 CEephe3HBIX IHEPreTHUECKHUX
noteps) ¢ mnomolbio anroputMoB Tuna RAKE. B pesynbrare HamoxeHus
3ara3/bIBAIONIC KOMWW CHTHala, MOIYJIMPOBAHHOTO IH(PPOBBIM IMOTOKOM
JAaHHBIX, Ha OMNEPEKAIOIIyI0 TEKyIlas TMOChUIKAa TOCIeIHEeH HCKaKaeTcs
npeabIAyIel MOChUTIKON 3ama3bIBaroliell Konuu. Bo3Hukaronias Takum o0pazom
cneruuyeckasi roMexa Ha3bIBaeTCs Medccumsoviou unmepgepenyueri (MCH).

OueBunno, uyro MCHU cymecTBeHHO 3aTpydHSAET JEKOAUPOBAHHUE
NPUHUMAEMbIX CUTHAJIOB U MIPUBOIUT K YBEITUUCHHUIO YACTOThI OMTOBBIX OLIHOOK.

K mnactosmemMy BpemeHu paszpabotaH psg MeroaoB 0opbObl ¢ MCH.
KopoTko paccMOTpuM OCHOBHBIE U3 HUX.

3.1. Anecopumm Bumepou

B uu¢poBbix cuctemax MOOWIBHOW CBSI3M IHepenadya uHGoOpManuu
IPOU3BOJUTCS TIOIEMEHTHO C HEKOTOPBHIM (PUKCUPOBAHHBIM MHTEPBAIOM MEXIY
IIOCJIEA0BATEIbHBIMU ITOCBUIKAMH.

B npocreitimieM cimydae Tekyuias HaOnronaeMas MNPUEMHUKOM IOCBLIKA
3aBUCHUT TOJBKO OT TeKylled nepegaHHou. [Ipu 3ToM onTuManbHBIM (B CMBICIE
MUHUMH3ALUU CPEIHEW BEPOSTHOCTH OLIMOOYHOTO AEKOAMPOBAHUS COOOILECHNUSA)
ABJISIETCS TOCHUMBOJIBHBIN IIPUEM, B IIPOILIECCE KOTOPOTO PELIEHHE O 3HAYEHUU
KOKIOW TEPEJaHHOM TOCBUIKM IPUHUMAETCA OTACNBbHO, HE3aBUCUMO OT
MPEABIIYIIUX U MOCIEIYIOMINX TOCHUIOK.

IIpn mammumun MCU, omHako, CUTyanusi HE CTOJIb IPOCTA, MOCKOJBKY
KaXk70€ HaOJIOJeHUE ONpeAeseTcss HapsAdy C TEKyIIeW TakykKe M MpeablayliuMu
nocbulkamMu. TeM cambIM B HaOJIIOIaéMOM CHUTHAJI€ MPOSBIISETCS 3aBUCUMOCTh OT
IIPOLIIOTO, T.€. IaMATh.

IToCUMBOJIBHBIN TIPUEM NIPU ITOM HE SBJISETCS ONTUMAJIbHBIM M YCTYIAET
TaK Ha3blBAEMOMY 'mIpueMy B LE€JIOM", MPU KOTOPOM PEIIEHUE O MPUHITOM
COOOIIIEHUN BBIHOCUTCS IO pe3ysibTaTaM COBMECTHOW 00pabOTKM MHOI'MX
IIOCJIEAOBATENbHBIX  MOCBUIOK. [IOCKOJIBKY — CIOKHOCTH  COOTBETCTBYIOLIETO
IIPUEMHMKA SKCIOHEHIIMAIIBHO PACTET C NMaMAThIO, €r0 MPAKTUYECKas pean3anus
MOKET OKa3aThCs MPOOJIEMHOI,

AnroputM ButepOu, mnepBoHaYalbHBIM HAa3HAYEHUEM KOTOPOTO ObLIO
JEKOJIMPOBAHNE CBEPTOYHBIX KOJOB, BO MHOIMX CIIy4asX 3aMETHO YIPOIIAET
nporeaypy "mpueMa B 1eaoM" W MOTOMY YacTO TMPUMEHsSIeTCs Jii OOphOBI C
MEXCUMBOJILHON HHTEp(epeHneH.

[Ipy koOHeYHOM umcie UHTepPepupyrolux JTyded (YTO MMEEeT MEeCTO B
mo0oit  mpaktudeckoit cucteme) MCU MOXHO paccMaTpuBaTh KaK BBIXOJ
YCTPOMCTBA C KOHEYHBIM YHCIOM COCTOSIHMM. DTO MO3BOJISIET BBIXOJ KaHaja C
MCH nipenctaBuTh B BUJI€ KOJOBOM PEILIETKHU.

Anroputm  ButepOu  sBISeTCS ~ pEeKYppPEHTHBIM  QJTOPUTMOM  TIO-
CJIEIOBATENILHOTO TOMCKA IMyTH Ha pEIIeTKe, O0ECHeurBAIOIIUM MaKCHUMAalIbHO



paBI0NO00HOE JEKOAUPOBAHHE CUTHATIA.

BoluucnurenbHasi CIOXKHOCTh —anroputMa ButepOu HKCIOHEHIUATBHO
BO3pACTaET C BEJIMUYMHON BPEMEHHOTO paccesHus B kaHaie. s KakI10ro HOBOTo
IPYHMMAEMOTO CHUMBOJIa B OMHApHOM Cjydae HeoOXOomuMo BhuMCiaTh 2V
MeTpuk. i1 KaHamoB C OOJIBIIUM BPEMEHEM pacCesHUS ATO MOXKET CTaTh
CEPbE3HBIM MPEMSITCTBUEM IPU NMPAKTUUECKON peann3aliy alropuTma.

3.2. @opmupoeanue cnekmpa uziyuyaemovix CUCHAI08

[Ipu 3agaHHON CKOpPOCTM Tiepelayd AaHHBIX (JIJIUTEILHOCTH Iepenaydu
cuMmBojia) BiusgHue MOCH 3aBUCHT OT YAaCTOTHOW XapaKTEPUCTUKHU KaHala,
ONpENENSIONIEH 3HaYEHUE BPEMEHHU PACCESHMS, U CIIEKTPA U3JIy4aeMOro CHrHaja,
ONPEIEIAIONIETO JIUTEIbHOCTh OTKIIMKA B IPUEMHHUKE.

B 1udpoBoit cucreme CBA3M  CHEKTPATBbHYIO ITUIOTHOCTH MOITHOCTH
U3JTy4aeMoro CHrHaja MOXHO (pOpMHUpOBaTh MyTeM BbIOOpa (OpMBI UMITYJIbCA, a
TaK)Ke BBEJACHUEM KOppesuu (amMsTH) MOCPEACTBOM KOJIUPOBAHUS.

KonupoBanue st ¢hopMHUpOBaHUs CHEKTpa CUTHAJIA BBIMOJHSAETCS IOCHE
KaHAJIBHOTO KOAWpoBaHud. lcrmonb3yemble s 3TOM 1AM KOJbl OOBIYHO
HA3bIBAIOT B JIUTEPATYpPE MOOVIAYUOHHLIMU KOOAMU WIA KOOAMU Nepesooa
Oannvlx.  Takue  KOIbl  BBOAST  OMNpEJECICHHBbIE  OrpaHUYEHUS  Ha
MOCJIEA0BATEIBLHOCTh NIEPEAABAEMBIX CUMBOJIOB, ITOIABAEMbBIX Ha MOIYJSATOp. Tem
CaMbIM B CUTHaJ BBOJUTCS MaMsTh, KOTOpask MOXET OBbITh Jajee HCIOJIh30BaHa
pU AEMOAYJISALNH (B YACTHOCTH, C IOMOIIBIO anroputMa Butepomn).

2. prneneuue 3K3aﬂat23epa 6 UaCmMOmHO-Ce/l1eKmueHbvlX Kanaiuiax

B y3komnonocHbix 1mudpoBeix cuctemax (B uactHoctd, B CCMC crangaptoB
GSM u D-AMPS) nng KoMIIeHCAalldd  MEKCHMBOJIBHBIX — MCKaXKEHUH,
BO3HMKAIOIIMX 34 CYET MHOTOJY4YeBOTO pPACHpOCTPaHEHUS, MOXKET OBITh
UCTIONB30BaH okeanauzune (equalizing - OykBaibHO BbIpaBHHBaHHE). MeTon
NpeaHa3HaYeH MJI1 KOMIIEHCAUUHM PAa3HOCTH XOAa MEXAY COCTaBISIOUIMMU MpU
MHOTOJIy4EBOM pacrpocTpaHeHuu, kotopas npuBoguT k MCU. Ilo cymectBy
SKBaJIali3ep MPEACTaBISET COOOM amanTUBHBIA (PUIBTP, HACTPAUBAEMBIM TAKUM
o0pa3oMm, 4TOOBI CHUTHaJI Ha €ro BbIXOJE€ ObUT B BO3MOXXHO OOJbIIECH CTENEHU
OUHIIICH OT MEKCUMBOJIBHBIX UCKKEHUH, COJIEPKAITUXCS BO BXOJHOM CUTHAJIE.

OkBaaif3eprl, ucnonblyemble, Hampumep, B CCMC crangapra GSM,
o0ecrieurBalOT BBIPABHUBAHME 110 BPEMEHM HWMITYJIbCHBIX CHUTHAJIOB TMpHU
paccoryiacoBainuu 0 16 MKc.

[IpyHIMI BBIpaBHUBAHUS XOPOIIO WUIIOCTPUPYET CXeMa IPOCTEHIIEero
JIMHEMHOT0 dKBaJlak3epa ¢ TPEXIIEMEHTHON JIMHUEN 3aJE€PKKHU, PACCMOTPEHHAs Ha
puc. 9.8.

AnropuTt™m pabOThI IPUBEIEHHOTO YCTPOMCTBA JOCTATOYHO TpocT. Eciu Ha
BX0Ji¢ (pUIbTPa MPUCYTCTBYET OCHOBHOW CHUTHAJI W €ro KOMHS, CABUHYTas Ha
BpeMs T, paBHOE BPEMEHHU 3aJICPKKU CHUTHaja B (PUIbTpe, U yMEHBIICHHAS I10
aMIUTUTYJE, TO ToAO0pPOM KOA(h(PHUIIMEHTOB MOKHO JOOUTHCS, YTOOBI HAa BBIXOJEC



¢unbTpa MOJHOCTHIO COXPAHWJICS OCHOBHOWM CHTHAJ, a BTOpas COCTaBIISIOIIAS,
npeacTaBisonias coooil momexy, Oblia yMEHbIIEHA.

Bxon
Z-1

» Z » 71

Y

Bruixon

¥

CyMMaTop >

Puc. 6.8. CtpyxTypa nuHeRHoro sksanansepa

SIcHO, yTO TakoM »KBajail3ep OyJeT BBHINOJIHATH CBOE Ha3HAYEHUE JIUIIb B
TOM CIy4yae, KOrja, KpOME OCHOBHOIO CHUTH&JIa, HMEETCS TOJIBKO OJIHH
JOTIOJIHUTENBHBIA M €r0 3aJepXKKa OTHOCUTEIBHO OCHOBHOI'O CHUTHAJla paBHA
BPEMEHHU 3a/IEPKKU CUTHANA B (PUIIBTpE.

B peanbHBIX YCIOBUSAX Ha BXOJ IPUEMHOIO YCTPOMCTBA MOJKET MOCTYIATh
OOJIBIIOE YMCIIO CUTHAJIOB (PaIMOBOJIH), 33JI€P>KKa MEXTY KOTOPHIMUA HEU3BECTHA.

JIuHelHpIM 3KBajlalizepoM, HAUOOJEE YacTO HCIOIb3YEMBIM Ha NPAKTHUKE,
ABJIAETCS JINHEWHBIN TpaHCBepcalbHbIN UibTp (puc. 6.9). Ha ero Bxon nocrymaer
NPUHATAs CUTHAJIbHAS MOCIEAOBATEIbHOCTh, @ BBIXOJAOM SBIISIIOTCSA OLIEHKU
MH(OPMAIMOHHOW MTOCJIEI0BATEILHOCTH.
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Puc, 6.9, [IvHelHbIi TpaHceepcansrbid uneTp

B paccmoTpeHHON CTPYKType JMHEMHOIO JKBajlak3epa 3aJepKKa CUrHala
MEXIY SYEMKaMHU paBHA JUIUTEIBHOCTH CUMBOJIOB. Takoe MOCTPOEHHUE SIBIISIETCSA
ONITUMAJIbHBIM, €CJIH TIepe] dKBaja3epoM HUMeeTcs (PHIIbTP, COTIACOBAHHBIN C
IIEPEIAHHBIM CUTHAJIOM, MCKa)XXCHHBbIM B KaHalle. Eciy XapakTepHCTHMKU KaHaia
HEU3BECTHBI, TO IPUEMHUK OOBIYHO COTJIACYETCS C MEePeJaHHbIM CUTHAJIBHBIM UM-
nynbcoM. [1pu 3ToM 3¢ (HEeKTUBHOCTS BHIPAaBHUBAHUS CYIIECTBEHHO CHIKAETCS.

B Opobmuwix skeanaiizepax WMCHONb3YyeTCA ITUCKPETU3ALMS MNPUXOMASILIETO
CUTHaja C 4acTOTOMW, HE MEHBIIECH YIBOGHHOW IIMPHUHBI CIEKTpa cUrHama (T.e.



3a/lepKKa MEXAYy SYeHKaMH HE IMIPEBBIINIAET BPEMEHU JUCKPETHU3ALMH 10
KortenbHUKOBY).

JIuHenHple 3KBajai3epbl OTHOCUTENBHO IIPOCTHI MO YCTPOWCTBY, OJHAKO
npu OOJIBIIMX HCKAKEHUSX CUTHAJIOB, YTO XapaKTEPHO JJIi CUCTEM MOOMIJIBHOM
paanocBssy, ux 3QPEKTUBHOCTh OKA3bIBAETCS] HEBBICOKOM.

[IpumepoM HeIMHEHHOTrO SKBajaizepa SIBISACTCS IKeanalizep ¢ 0Opamuou
ceazvio no peutenuro (puc. 9.10). OH coctouT U3 ABYX (GUIBTPOB - (GUIBTpPa
npsimoii U ¢unbTpa oOpatHoit cBsizu mo peuieHuto (OCP). Ilpsmoit ¢unsTp
UJEHTUYEH JIMHEWHOMY TpaHCBEPCAIbHOMY (PHIBTPY, pPacCMOTPEHHOMY BBIIIE
(puc. 9.9). GunpTp 00paTHON CBSA3M MMEET Ha CBOEM BXOJIE MOCJIEI0BATEIBHOCTD
pelIeHUi O MPEAIIECTBYIOMUM MPOACTEKTHPOBAHHBIM CHMBOJAM (UTO U 00y-
CJIOBJIMBAET HEJIMHEWHOCTh HKBAJIAW3€pa) W HCIOIB3YETCS ISl YCTPAHEHHS B
npeacrosimei ouenke yactu MCU, BbI3BaHHOM NIPEABIAYIIMMUA CUMBOJIAMU.
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Puc. 6.10. 3keanaizep ¢ oBPaTHON CBA3LIO NO PEWSHIC

Bce paccmoTpeHHBIE 3KBallaif3epbl OPUEHTUPOBAHBI HA CHUTYAIMIO, KOTJa
XapaKTEePUCTUKHU KaHalla (MMITYJIbCHAS], YaCTOTHAsS) B IOCTATOYHON MEpe M3BECTHBI
npueMHoid ctopoHe. Opnako i CCMC Takas curyauusi He XxapakrtepHa B
OOJBIIMHCTBE CIy4aeB XapaKTEPUCTHKU KaHala alpyoOpU HE M3BECTHBI M, KPOME
TOT0, HE MIOCTOSIHHBI.
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Puc 8.11. fNluneidHui ananTueHuii skeananaep



[loaTomMy »sKkBanaiizep MAOKEH BKIIOYATh NETNIIO aJanTallH, YTOOBI
U3MEHEHUS XapaKTepUCTUK KaHala MOIJIM ObITh YYTEHBI B poliecce paboThI.

Ha puc. 9.11 npencraBineHa cxema JMHEHHOrO aJalTHBHOIO JKBasaif3epa,
OCHOBAHHOI'O Ha KPUTEPUU MUHUMYyMa CPEIHEKBAIPATHUECKOM OIINOKH.

JJist mIepBOHAYANBHOTO OIEHUBAHUS BECOBBIX KOA(h(UIIMEHTOB SKBaNaiizepa
KenaTellbHO  UMeTh  MHGOpMAalMI0 O  NepelaHHoM  HUHOOpPMAIMOHHOU
nocienoBarenbHocTd. Bo  Becex 1mudpoBeix CCMC 310 o0becneunBaeTcs
BKIIIOUEHUEM "OOydaroleil MocCieoBaTeIbHOCTU" B COCTAaB Ka)XJA0ro Kajapa
nepesayd peueBoro CUrHasa.

[IpuHIMIIUAaTPHO BO3MOXKHO TOCTPOCHHE aJalTHBHOTO DSKBajaiizepa, He
HCTIOJIb3YIOIIETO JUISL MEpPBOHAYAJILHOU HACTPOWKH 00yUarnyo
nocJeA0BaTeIbHOCTS (''clienoe BhIpaBHUBAHUE").

B 3akmioueHme MOXHO OTMETHUTb, 4YTO DOKBajaif3ep He Bcerma
paccmaTpuBaercss Kak (YHKIMOHAJIbHO HEOOXOIMMOE 3BEHO IPUEMHHUKA MU
cieuM(puKanuy, Kak IpaBuiio, OTJAIOT MPOU3BOJUTENIO PEIICHUE BOMPOCA O €ro
HAJIMYUU WK OTCYTCTBUH.

KOHTpOJIbHLIe BOIIPOCHI

1. KakoBa mosioca 4acTot, ucrnojis3dyemas B crangapte GSM?

2. KakoBa monoca gactot, ucnons3zyemas B crangapre CDMA?

3. Kakoli Buj aymiekca ucnosb3yercsd B cranaapte GSM?

4. Kakoe o00opy10BaHME BKJIIOYAET B ce0s1 0a3oBasi CTaHIM?

5. Kakas unHdopmanmsi comepXUTCS B JOMAITHEM PErHCTPE B CHCTEME
COTOBOH CBSI3U?

6. B xakoi#i 650K 3anmuchkIBaeTCss HHGOPMAIIUS O TOM, YTO MOOWJIBLHBIN arma-
paT HaxOJUTCs HE B JOMaIlHel cetu?

7. I'ne pa3meniaercsi rOCTEBOM perucTp B CUCTEME COTOBOM CBS3M CTaHIapTa
GSM?

8. Uem ompenensiercss aboHEHTCKas eMKocTh ©OazoBoit cranimu CCC
crangapta CDMA?

9. Uem ompenensercss abOHEHTCKas eMKOCTh 0OaszoBoit craniuu CCC
cranaapra GSM?

10. KakoBsl (hyskimu 6a3zoBoii craniuu (BTS):

11. Yro npeacrasnsier puznueckuii kanaa 8 CDMA?

12. Yro npeacrasnsier puznueckuit kanain B8 GSM?

13. Kakoii nornueckuii kaHan GSM oTBeuaeT 3a YCTaHOBKY YPOBHS
MOIIHOCTH TNepelaTuuKa MOOMIIbHOM CTaHIIUU?

14. KakoBa MakcuMalibHast MOIITHOCTh COTOBOTO Tenedona crangapra GSM?

15. KakoBa MakcuMaibHasi MOIIHOCTb COTOBOro TeledoHa CTaHIapTa
CDMA?

16. Kakyro mnpenenpbHyr0 CKOPOCTh TMepefadyd JaHHBIX OOecreYyrnBaeT
TEXHOJIOTHUA?



17. KakoBa mupuHa cieKTpajbHOU 1oJsiockl B cranaapre CDMA?
18. Kakas yumoBasi CKopocTh nepeaauu 1anHbix B CDMA?
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